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[f#*7] ¥«Ss3&KJtlC\ EIi!S/tit-i'6*rtt4*lfflIii:. J^J*S 

acefflWie^s:, w»it«oiaia»«s:#!iflibTKj9a***2oxsi:, 

[»U!©SMBfcSMI!] 
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[0 0 0 1] 

f BflliEffc © MiS # «f IB T* * * . 
[0 0 0 2] 
[«£#©&«] 

(MxlS, Z.L.Wang, Advanced Materals, vol. 10, No. 1,1998) „ f^ff, IBM© £f 

/l/-^6n««:^ra7;FePtfKtfi[?t:ll4K±iCB9!IS«T, WMSSmmitt IT 

(SCIENCE 2000^3 R 1 7 H#, 3§ 2 8 7^, 19 8 

91) . 

[0 0 0 3] 

LTV**. iS¥, SB»««©_h#fcfliv\ *IRgBllt£tt7*a, IBftlfy h 
[0 0 0 4] 
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[0 0 0 5] 
[0 0 0 6] 

mm t>mm l <t e> t -r s mi 

[0 0 0 7] 
[0 0 0 8] 

W*lft(C, 1 MW^tt^iK^-tC 1 McDfcfy h &SW#?,Kia$i£ji 

[0 0 0 9] 
[SB & Jgft -T 6 fe ft ® #S ] 

© C3 5: f U« U T B2#l $ it & 2 ©II t> & 2> * £; & £ 1" £ . 
[0 0 10] 

[0011] 
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[0 0 12] 

ttiK* *»6 & 5 & « r t ft iff tit 1 1 -5 . 

[0 0 13] 

J: US* b< luia^tiK^-ttF e P t £fettC o P t^tT&5rt5:M 
[0014] 

* © tfr^ ft f & ft R CO P3 3ffi (C » o fe (HI fir ft ^ -t £ ~ £ ft ft £ £ * 5 . 
[0 0 15] 

»«t6*l©Iii:, ^j£2*ifcKlfirA#-:v©3lffiJC, t-y 
fttt*b£3 nmH±5 0 n m«T®lttScD»!|S^-ft, ttffiB3£«<D|!3fijJg:tKftfrj . 
fflLTBB?!l3-fc!:3Jfl2<7DI@£, i«±KIH3*fci«^S 3 0 0TC^±7 0 

[0 0 16] 

»«tft^y KftlBi&-rs^©i:ft-g-tfi4:&^i:-fS. 

[0 0 17] 

Gt*f^Stlfe*«±lC, tin-f-f >^I^#fLfefSf lifts, r 
#(C. EJgp (^fig$tife(HIfi.cD«c7)g|J^) CD^ffift^iSffHClIIl IZBt 

a mi (a) t±a«ft±^e>MfciaT?*>»j, (a) (DABmrnx-m-ot^mm^Sff 1 

(b) T*&£. Hltt, 3O«J»S:**«rK:a%0fc%<0Tf*»J, HBHCtt'Jvy 
57^ -T?^fiS;$tlS^C0ipatt1±V>if ^gt 1 0 nm. Ml 0 0 nmJ&LhT&'J 
, iiT'^LT^&WKz^- (l~50nm) ICJfc^T V>fe«?K tot 
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«:--j£K:«o«t!W**. i©J&«n— f--f >^ffll©^»S:ill©fliffit*f Lit 
[0 0 18] 

Z.Z.vm^e>1\Z>W&3-<D*gZtt., 1 n m~ 5 0 nmiSffl^tST-fcS. 
<fc US* l> < It 3 n m*>e> 1 0 n mIS0ti©idU^, Jlfi, V W^y -{ -<D 
S*CJ:oT^T**i(|©**SttWaUfcJ:^Jca«©*ffiT?«:, 1 0 0 n 

se^-rstOT***. tot, *8MF-©ifti£#ig: 4:A.if y yy?7-f ( 

#*©*Wc#*t<JfcS. -fl265tCtt|HI£!r©M»* ,: »!iS^-©iaS©5^«_h 

f bt?<ttfl.i:, Blotto &fra?0>B3ty#BSfc&£.- lot, HQ© 
flffittKttt^OitgOl 0 0 0«JMT, lJL<ttlOOMT. **>SSb< 
lt3 O^Tt^-S^ST**. 
[0019] 

^j££*l5*©SSai: bTtt^fe< fcfcflSMe^fflfiS© 1 /3J^±©8S£ 
[0 0 2 0] 
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[0 0 2 1] 
[0 0 2 2] 

. inCiot US?* h©^^SP*fet±#^) l 6gP$:BJUI^< £03 (b) <Z><fce> 
ftl/^* h;^->*(MS*i5„ -?"©^J€{C, Mill Aul22?:^©K 
JPsSs#L (c) , »#US?*h/t*->«:Bfc*-*-6i:, AuBUyfc*&»tfJg 
J«S*lS (d) . 

[0 0 2 3] 

ilttt fetill #JgH 13-015380 C#ffl#flB$*S*lTV**. 
[0 0 2 4] 

[0 0 2 5] 

[0 0 2 6] 
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[0 0 2 7] 

fuM©#ISH 13-015380 tC^ifHA<|aM3*XT^So 
[0 0 2 8] 

[0 0 2 9] 
[0 0 3 0] 

gp © * & <b ^figp {c ti # jffi#f -r « i i: {c & S . Offl »c W S ««[^-o SJ9 

a 

[0 0 3 1] 
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[0 0 3 2] 

g, Pt^fflf^lf^fffl^^ fifes. 
[0 0 3 3] 

^HHcPKJgatl&V^ *#fi$J{C«Si, G a A s , Al, r^r^-yi'SS^i 
[0 0 3 4] 

iRt-rsstetcti, y v ^ 5 7 -f - ic j: - - > y gmc^-f ±e> 
7 s -f x^s«i o®B^±{cp3Mfc?&oT, iHita/N o ^-> i i s^-rs© 

i: LTli 1 -Y 1. 8, 2. 5, 3. 5 -f >5=-©iiS(Z)S«^fflV>P>ti. -e 

rtC5fc«if©>J y^57-f -®PS#&#MLT 10 0 n mfiUiCDiaiBTfiaiafcJg 

jfc-rs^i: -eti^-e, 

[0 0 3 5] 

^±©J:^K:UTf^J«LfeiaiaaJK:j^«^*a»BB»K#ffl««©-«S:H8 
tC^1\ H8T*tt, #«tt**4 4_tck»XttTifiJ!«:tf-LT, tt«ltt«RJi 

n-O^. fi8&IH«*JS 4 2 tt, 3 nmj^_h5 0 n mJ^T©ttg®&tt$t!fi/^- 1 £ 
1 fc*3tt«2*»e>J*yfioT^.&. SS2li, &tt$ffiz^ 1 Ss-jfe 

itt?10#»i:LTH;, -«IS*«*CJS;eftt£«K u F e P t , C 

oPt, FePd, M n A 1 , Co, Co-Pt, Sm-Co, F 
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Ki«e>ttFePt, Co P t(DL 1 o m<Z>Mm-&±tf&tlT^2> < , itf 
&£fBSiUC®Lfc^£#£KCo^Ttt, ££;Ui. IEEE Transact 
ion on Magnetics, vol.36, No. 1, 2000 
mi 0M~{CWe 1 1 e r h<Dmmi$2bh. Itttfi? 1 C^CtS i LTIi 

fb^©^^^^^^^©;^*^,, fit, BuMLfei^tC Ku# 
:* £ ;* #/Jn $ < T £&£§£>^{cMLT J: y ^t*^«T- 

tt4nm^±ffl^t$*U<, .hPSti 5 0 n m«T. I* L<li 1 0 nm(XT, 
<fc US* L<(±8 nmHTtfiK 
[0 0 3 6] 

mmw&^-h'mw l x ^ & % © (jm t* ^ s „ 

[0 0 3 7] 

ffitlT^€.o igll®©*;©, #Hfe©%,<Z>, VH-rtlt)*56H^T'««ffl«TfgT'S).g> 
o *#£ft{C(i, Ni-Fe, Co-Nb-Zr, Fe-Ta-C, Co-T 
a-Z r, F.e-Al-S i m<D&mVsPtZb 6 7 * =y <i b^©®Hfc#©# 

nm^_L©ffl|JStf*I£ LV^ * fe, ±PSi:LTl±, *®¥»tt© 
[0 0 3 8] 

SS^flslC-D^Tte, #BB2 001-015382 ICpL^. »*WtC|HIini^lu 

tc * s& & # ffi & mi a m * t* & £ . 
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[0 0 3 9] 
[0 0 4 0] 

^tt&gy&S-fSo #!CFePt, C o P t ^©^{Cfc^Tti, gy&lIfC «fc o T 
S*L<tt5 5 OTCJBlLh&SST***. fi«#lT*£* <fc 

%7 0 0ic«T. M*L<«, 6 o or:j«Ti:f •5®^J:v^„ aM&s-rsfcac 

fit. KIlt*I^IIC'j>&< t fe 5 k O e £JUb, SJKttlOkOe J£Lt©}&# 
«:*!*. * ©#3* LV*. 5 k O e £LtT?&3 £fi8#f=P#t!^g#:*:£ < * 

>)-*g2><DT% £>gJCjSCT 1 5 kO eJ£*T, ISKttl 2kOegtTfflil? 

»a*tt6«rfc**ri:*«5ri6i:«;*. *»Wcd»^, «tt«Mtf- 1 ©T 

[0 0 4 1 ] 
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it*;. »ffi»ilJi4 3 £tift*i3rt(C&&„ 
[0 0 4 2] 

[0 0 4 3] 
[0 0 4 4] 

R'X-y h*(Magnetoresistive head) #$JA,tc;g IrMiJiT 
^S. * t?=fe)g^:^^,®Ja^^: (Giant Magnetoresistan 
ce, GMR) 5:IV\feGMR/v>yK (J* tf >A;i/^/\>y Kfc fcHfJStXTV^) 
#±«fcfc»J oo*S. L^bdtlfePS^tCiScf^oofey, 100Gbit/ 
i n 2 $:Sx.SiB^mS{Ci3^T« h>*^*S:|Jffil/feTMR (T u n n e 
ling Magnetoresistance)^-y K^, (CUfitC 
SStGMRM^JMLfeCPP-GMR (Current Perpend 
iculer to the P 1 a n e ) KtfflJJB pTfltttfiS^. 

[0 0 4 5] 

0 5li, *SIJfi©^®ifC^S?K^fa®«E#:5:fflvxfc^|ailll4^Sl 1 0<Z) 
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[0 0 4 6] 

^ttKaf-f^i') net t 5 ^ xtzmm^ZTj xtmm*-* 

K© £o&mm®t. U&BZffiZ.&MfS.'w F(4, X^ 
-f #*i 2 oici; yow&ft, 3f S;i^t5'\<y KJtii l 3 o /\>y 

KJtlil 3 0 ULT1^7 K£ h5>y*>^-rsrf *=lol-9 l l 4 
ilTV X* 1 1 6'£!flE«»-r«'\'S» KXJMMil 3 0(4. T-Al 2 2 fc-frx 
^>^3> 124 fc&-g-tf„ 
[0 0 4 7] 

■tV i i 2t4, fu?ii6 sws^afs^iaseK-r*. 

1 1 4(4. W-fX* 1 1 SfiDmjtCD^-* 

(C7?iZXT-££±e>(C, «£^>v K^fttSXy^^l 2 0 Sr^? 1 1 
6©S®$:^-^oT¥g#|6j(C#g&;i-tt.5 0 79fn-^l 14it fS^fUftC 

(4«:«S^;tfc(4ia«S;©3jf-f xn-f ;i/^-#T-&-&„ «ig(4H(c^/\>7 

[0 0 4 8] 

Sg^7K5:fi[jlt5X7'f^l 2 0(4, Mx(4^^T U > #T-& 
3, iCD®^(C(4, X^-f 1 2 0 (4, fl£4CIBflt¥$££fi 1 1 0 ©jggfr • #ifci& 

^«p(c(4x-y x* 1 1 6<Dmmt&M-tz>. z.<Dtg, n h-x^j ttom 

frtpza - K • T>n- K«**»£#"ffeS*iTv*s. tt«;8B*&£&B l l o© 

i 2 o tciBTy^jaa^isaft^ru^fciy^-f 1 1 G<D»m±\zmw 

#1 2 0(C#^$tlfe^/\-/ KJ4, ^-f X? 1 1 6 (CffSRSriB 
[0 0 4 9] 
[0 0 5 0] 
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i*«2 0±iCj?3 0. 6umfflU^h2 1 Sr^fcb (a) , VtY^Vf'y 
7^-iC<fcot3ii«)l/i i 'XSy'i^-> (b) ZBf&Lfc. ^tc. CuiMB 
E (Molecular Beem Epitaxixy, ^J-^-^X fcf # df - 
) ?£T'7ft2 0 nm<D|g|JlE{Cfc£<fce>lCJ£j&Lfc (c) . «&IC. 
>2 1 $r*«^*fettT^^>^fcJ;oTI^*bT, (d) (C^iTA* - > £ 

[0 0 5 1] 

f£i*#H»T'^;i/T;i/3-;i/ 1 o o mLic^^a&^'i'tga^ itttsf 

t-M^SMTO. 0 lm.o l/L07*f;i/7;i/3-;i/ilS?:Ml/fe. 
7£tC^©^»C*^«WfS;^i:t,Tii:g5 n m©A u^ifez^- 1 OOmg (30) 

[0 0 5 2] 

#CfC, mCitCiDXbfeS i»«3 2lC*fLT%#^JS^^«^&«ofe (HI 

, mmmmi o omLtcx^^^a^^-g-igatc^-ts^nn^^^ft^?: 

MTO. 0 1 mo 1 /L(D'\*r-V-T*iy/>7 n n Aig^M £fft£ U 
[0 0 5 3] 
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gtt»ST«fc<, *36«S«<0»^tt^*-9->5 OmLCMbt 1 0 Omgtbfe 
ftfcttJKCLfe. h^l/- hOMSSr-htfT, 1 5 0^SS(CS2*L 

trh^fl}*. *S_hK:t±SJES3VjB*fc*AJII«tt-?««ft:^|g^3 4X-m^n 
fe. r©**M««a^ttilS*fcUT««*iii±K:«tt-f*»&a:*#a*3 5^ 

J&bfe (04) . 

[0 0 5 4] 

i©J:-5tCbT»«L/feiai£!rll«±©Au«|fi^-(Z>BBW«:, HMffiSEM ( 
Scanning Electron Microscopy: ^SSl-fSlfS 
ft) &fflv*T«KUfc. IHg|5(CMLTtt, 0 1 Kj*ir i ? fcl3g|S©ii 

[0 0 5 5] 
(ftfettl 2 ) 

[0 0 5 6] 

«nc, siS«io_hic, wm&mmm £LT. n i -f em*M*rty 

# V>ymiZX&f&l,tc. *"f. J&0t£& lxlO - 5 T o r r«T»C»ftLfe 
^^#XtbtAr^5:2mTorri:45iT'iAbfe. at-^y 
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IV\ ^!-^>>hA9-!il0 0Wi:bfe. «®ttSKIffllJ?ti5 0 0 nmi: 
bfc„ Z.<D&MWim<DM%lM%.®mB sttl T, *8*Hcli;0. 30e, 

[0 0 5 7] 

#CfC. ±|BN i -FeRfcJgjfcbfeS iSSCatLT. 0 2 {C^"t"<fc 3 &fSt$H 

H3CSt*ttT?^*bfc. fe£b, Sii!t»tt«ffB**ttJii:± 
<HCt<Dfe««l/fe. i^T, (HlgPfetaSPtN i - F e&&X*M21\X^Z> 
iilfC&S,, Z(DW,&a>m<!>&2l*ffi3 nm, »©|gH:3 0 0 nm, flt&iltom 
PIti2 0 0 nmi:&£J:e>t;:bfc 0 
[0 0 5 8] 

*#H*ST?'s*»t s *-> 4: ? nn*j^ffl§itt4# l CDmKftf^Jft b, 
ffil 0 0mL(C*Sfigii:LTCH 2 C 1 5 * n n 2/9><ffe#%feflil 

jtTO. 0 1 mo l/LCDA^ftrAi'/i'nn^il/Al^M^MLfc. K 
»#HftT£©**2 OmLSrjSfcy. 3S« 3 2 fe±SB*iSK:«8tb, «^*>(C}f 
*P b fc. *I$IHI*IC W D < ««#H*"e±K«-£**J* 6±flB*« &* *; IB U 

»?K3 4tf»«aftfe (H4) „ 
[0 0 5 9] 

fc|C, WKSi(CMLfcii»5 nmfflF e 0 . 52 P 1 0* 48"^**** 
|&B##*flt&»«Lfe*«J:fC&*|rbfe. *"f. H4 KSt «fc i (C F e 
Ptttlfrf 3 0±(D*^R3 1 &«s«bfe. *W*#HftT##** 
lTA^t> 1 o o mLC^mrtSi: bT7^^;i/SS:^1-^^ a 
Uls^yit-Sm^lNXXO. 0 1mol/L«)AJft>M5:^tt. tfCfC^- 
©*«lCFe Pt««fS 0*1 0 OmgM, £<Jf#bfc. ^^TOiCSS 
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K#«S*fe*«:(IISbfe. f©iSliiifei< > *K5««<o»-&tt^nn* 
;i/A5 OmLKfcf It 1 0 Omg £ bfe. ±«*«&A*lfeV-f * nKJ©*»«: 

ASCIIS, -hies«_h &cx#-f h«:ffl^T±flB*nnrt;ui>*«&R«;?rWT 
-9i»Sr<^*JBiLT, «#P^tCJ:yj:<«#PUfe. *V*T»»©«**:J:tr 

t, i 2 o«e«»cKJfeb, SnS&bfc. s«±©*nn*;i/Att-r«K:jMb-r* 
CD T--£;ft fc&v-Y ? D£JS9»lc^Mft9[ U Witt * n D 3jx;i/A^SK 

BSffi ®C l±*« ^ <=> m v * & t * Z. t # ffi#, *«_h tc liR JS jB SS 88*6 

■f-*»&35fc*«Jt*3 6 £j£jj£b£ (04) . 
[0 0 6 0] 

K»fcu br i o ko e©8#s^Kffijcfitt#fi»cBJftibfc. mRZPP 

tiULtctt., »3 0»*fe»)10 0°C©jSST'#Mb, »5 7 0 r ©j&StC 3 B$ 
i:, H4KwtJ:iftijltt»H*anf. 3 1, 3 3 ©*^Bttt«ft LT b * 

KMl*IT*Iliei-S 1 0 0 O e ©JKIS^tCiW&feg, 2 0 0°C©jgg-lC 3 ^fOffi 

#bfe„ 

[0 0 6 1] 
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r©J:^K:L/Tf^»bfe*»IB»*i*©««4*ttS:SQU ID (S u p e r c 
onducting Quantum Interference Devic 

e> tcj:»jfF«Lfe 0 mm tmw.^^icm^^wmLxmtmm^m^ 

it. &M*lH cfcitf^JtS (Jig^fcMr tUfa^bMs i:©jtMr/Ms 
) *©|g*, *aiBa>ttMNtlKttt*. Hc#5kOe. S#0. 9 

t « HWtftcg Bi«g£# i: b T #M fc #tt & » J£ b T ^ . 

[0 0 6 2] 

3ctCfft*bfett»K:i3l*S F e — P t «ffi^©M*Jfflfl^&«#flPtBS EM& 
JSwcMRbfe. ffflMI, 3©tt#sHc;m*TW\ 0 2{c^-rp?M-h©Sic?»o 
T, «*frf^ffi*JbTV**fc£3#«*;Sftfe. 

SRIft T? & o (c v % T Jt'ST *aH£tt#* © © R JS tc 

ttofcOtH^ffiJIIttSSSbTv**:. 
[0 0 6 3] 

#ac HtcjR-rjc^fta^iaitw^s/x^-Asaijeb. feeu js^x-a:*^ 

StlTHfc^ v*iH3 0 nmtb. T * ^ # - =fe Z Z> £ 

IT. B*?S£4#tt©5/5ab-5/a>«:*fofc. d©t§-£, Bfc'wKfcLT 
ttU *->/'«:*&*tf*l8«'S:y h\ FtltttGMRA'V K&IfiL 

toftV^««±<n»«i*aTff^rtbfc«*fB»«# t S/NJrb&JrfciR 

bt. *ftm<D&ss.mmmmti£Mmz.!i,mux4 ookFci©js 

[0 0 6 4] 

®##HK fcS*TflBffi#»a©T?, :&-5^<IHl3l$©BSt©SI-&S:*^<f 

S(c«&gia$i©i$?#£#;t$£, ia»fcia»K:**i*ft*si*8B»«if 

[0 0 6 5] 
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mi) 

[0 2] 

[04] 
[0 5] 
[06] 
[0 7] 
[08] 

1 w.®.* 

2 mm^-Tj yfm 

1 0 f^X? 

11 i 

2 0 

2 1 b 
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47. zi-ou 



> 45. Bft'vyK 
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| 42. jasta^ii 
-43. D?«atea?)gg 
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48. 'J-?— >3—7 



D. Htjfc 



44. ftffi 



47. 3-f A. 



46. mum 




> 45. ffig'vyK 



} 42. aasiis^g 
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